Introduction {#Sec1}
============

Obesity is frequently associated with metabolic disorders such as dyslipidemia, diabetes mellitus, and hypertension, and causes coronary artery disease, cerebrovascular disease, sleep apnea, renal disorders, bone/joint disorders, menstrual disorders, and other health problems \[[@CR1], [@CR2]\]. The Organisation for Economic Co-operation and Development has ranked obesity as the greatest threat to public health worldwide, and issued a warning related to medical expenditures for the treatment of obesity-related diseases globally \[[@CR3]\]. The incidence of obesity-related dyslipidemia, diabetes mellitus, and hypertension as well as obesity-related cardiovascular diseases has indeed been increasing worldwide. Various indices of obesity have been proposed; for example, body weight, body mass index (BMI), waist circumference, and body fat. In the USA and Europe, BMI is widely used as an index for the diagnosis and treatment of obesity \[[@CR4], [@CR5]\].

In Japan, despite a lower grade of obesity in comparison to the US and European populations, the incidence of dyslipidemia, diabetes mellitus, and hypertension ("metabolic diseases") caused by obesity is high, indicating that metabolic diseases caused by obesity can develop even in people with mild obesity. Furthermore, body fat distribution is known to be correlated with the complications observed in obesity, and visceral fat accumulation is more frequently associated with metabolic diseases caused by obesity (e.g., insulin resistance) compared to subcutaneous fat accumulation \[[@CR2]\].

Several clinical studies have demonstrated that the number of obesity-related cardiovascular risk factors increases with an increase in visceral fat accumulation \[[@CR2], [@CR6]\], suggesting a close relationship between excessive visceral fat and the occurrence and aggravation of metabolic diseases caused by obesity \[[@CR7], [@CR8]\]. The mechanism by which visceral fat accumulation is associated with insulin resistance is not yet clearly established, and several hypotheses have been proposed. One mechanism suggests that excessive formation of free fatty acids from visceral fat, whereby fatty acids enter the liver and cause impaired glucose metabolism and insulin resistance, may be responsible. Excessive visceral adipose tissue is believed to secrete tumor necrosis factor-α, and this may also lead to the development of insulin resistance and other metabolic diseases caused by obesity \[[@CR2]\]. Several studies have reported that reduction in visceral fat accumulation leads to improvement in metabolic diseases caused by obesity \[[@CR9], [@CR10]\]. Therefore, visceral fat accumulation is used as an index for the diagnosis and treatment of obesity in Japan \[[@CR2]\].

Management of visceral fat accumulation should start with modifications of daily life habits comprising diet and exercise \[[@CR2]\]. Patients with metabolic diseases may need medical treatment, and people with visceral type of obesity without metabolic diseases remain at risk of developing such diseases in the future. Generally, such individuals are required to manage their own health regimens. However, lifestyle improvements to achieve significant body weight loss are often insufficient, and long-term reduction of body weight is difficult to maintain \[[@CR11]--[@CR14]\]. Consequently, development of new, effective, and safe methods to reduce visceral fat accumulation is required for individuals with visceral type of obesity who are at risk of developing metabolic diseases.

Several classes of drugs are currently available for body weight reduction. Among these, one class (drugs such as mazindol and fenfluramine) decreases appetite by inhibiting the central nervous system, while another decreases absorption of glucose and/or fat. Orlistat is a pancreatic lipase inhibitor and inhibits fat absorption in the digestive tract. Because it does not affect the central nervous system, orlistat may not have addictive properties.

A clinical study conducted in black and white populations in the USA and Sweden \[[@CR15]\] demonstrated that orlistat successfully reduces visceral fat accumulation. Orlistat is now used in more than 120 countries, but not in Japan, and there are no data available regarding the effects of orlistat on visceral fat accumulation in Japanese individuals. Therefore, we conducted a double-blind, randomized, placebo-controlled, comparative, phase III study to evaluate the efficacy and safety of orlistat 60 mg administered three times daily for 24 weeks in Japanese participants with excessive visceral fat accumulation and without metabolic diseases.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

Japanese participants aged 18 years or older with excessive visceral fat but without metabolic diseases were enrolled in this study. Excessive visceral fat accumulation was defined as a waist circumference of ≥ 85 cm for males and ≥ 90 cm for females, which corresponds to a visceral fat area of 100 cm^2^ \[[@CR2]\]. Individuals who were receiving medical treatment for obesity, diabetes mellitus, dyslipidemia, hypertension, hyperuricemia, gout, or fatty liver were excluded. Secondary obesity, individuals with BMI ≤ 22.0 kg/m^2^ (optimal BMI in Japan is defined as 22.0 kg/m^2^ \[[@CR16]\]), and individuals with BMI ≥ 35.0 kg/m^2^ were excluded. Furthermore, individuals taking cyclosporine, warfarin, amiodarone, or other drugs interfering with the effects of orlistat were also excluded.

Study Design {#Sec4}
------------

On the basis of primary endpoint estimates, standard deviation (SD) estimates, power, and predicted dropout rate projected from preliminary studies, the necessary number of participants was calculated to be 200, with 100 in the orlistat group and 100 in the placebo group. The participants were randomly divided into two groups. The study was performed with a double-blind design, and a placebo was used for the control drug. The placebo could not be visually differentiated from orlistat. A capsule of placebo or orlistat 60 mg was administered orally three times daily with meals (during or within an hour after breakfast, lunch, and dinner).

The study comprised a 12-week observation term, 24-week treatment term, and 12-week post-observation term. Participants were advised to reduce their daily calorie intake by 200--400 kcal, depending on body weight, and to improve their dietary habits throughout the study period. They were also advised not to change their exercise habits significantly throughout the study period. Those who improved their daily life habits and had an increase or sufficient reduction in the waist circumference during the observation term were excluded, and the remaining participants were enrolled in the treatment term. Only those participants with a reduced waist circumference after 24 weeks of treatment compared to baseline entered the post-observation term. Those with an unchanged or increased waist circumference, in addition to participants who withdrew from the study, did not enter the post-observation term.

Body measurements and consultation were performed every 4 weeks. Laboratory testing and blood pressure measurements were performed every 4 weeks during the observation term and treatment term. Glycated hemoglobin (HbA1c) was measured every 12 weeks during the observation term and treatment term. Body measurements consisted of height (only measured at the beginning of the observation term), body weight, and waist circumference. Waist circumference was measured using methods published in the guidelines by the Japan Society for the Study of Obesity \[[@CR2]\]. BMI was calculated from body weight and height. Areas of visceral fat and subcutaneous fat were measured using computed tomography (CT) at the beginning of the observation term and treatment term, and at week 12 and week 24 during the treatment term. CT images of visceral and subcutaneous fat at the umbilical level were analyzed using visceral fat area measurement software (Fat Scan, Version 5.0, East Japan Institute of Technology Co., Ltd., Ibaraki, Japan). CT was performed using methods published by the Japan Society for the Study of Obesity \[[@CR2]\]. Participants were required to fast for at least 10 h before body measurements, abdominal CT, and laboratory testing.

Adverse events were defined as any unfavorable event or the presence or signs of medically unintended complications from the beginning of treatment to the end of treatment. All adverse events were recorded during physician examinations or by self-reporting by the participants. The investigator determined whether a causal relationship existed between the adverse event and the investigational drug; all events except those which were judged to be "not related" were regarded as adverse reactions.

This study is registered with the Japan Pharmaceutical Information Center (identifier: JapicCTI-184005). The study was implemented in accordance with Good Clinical Practice guidelines and the ethical principles of the Helsinki Declaration of 1964, as revised in 2013, concerning human and animal rights, and Springer's policy concerning informed consent has been followed. This study was approved by the institutional review board of each participating institution. Before participation, an explanation of the study was given to all candidates for participation using the explanatory/informed consent document, and voluntary written informed consent was obtained from participants with a complete understanding of the content.

Assessments {#Sec5}
-----------

The primary efficacy endpoints were the percentage change in visceral fat area from baseline to weeks 12 and 24 of treatment, and the percentage change in waist circumference from baseline to each assessment during the treatment term. The secondary efficacy endpoints were the amount of change in visceral fat area and waist circumference; percentage and amount of change in body weight and BMI; the rates of achievement of a 3% reduction in waist circumference and a 3% reduction in body weight (defined as the percentage of participants whose waist circumference/body weight changed by − 3% or lower at each assessment compared to baseline during the treatment term); and the rates of achievement of a 5% reduction in waist circumference and a 5% reduction in body weight. Baseline was defined as the beginning of the treatment term. In addition, the percentage and amount of change in subcutaneous fat area, adverse reactions, laboratory tests, and blood pressure were assessed. The percentage of participants who were classified as high risk for metabolic diseases at baseline but were not high risk at week 24 of treatment was also calculated. "High risk" was defined as BMI ≥ 25 kg/m^2^ and one or more metabolic disease risk factors, or BMI ≥ 25 kg/m^2^ and visceral fat area of ≥ 100 cm^2^ at baseline. "Metabolic disease risk factor" was defined as meeting any of the following criteria: blood glucose level ≥ 126 mg/dL, HbA1c ≥ 6.5%, low-density lipoprotein (LDL)-cholesterol ≥ 140 mg/dL, high-density lipoprotein (HDL)-cholesterol \< 40 mg/dL, triglycerides ≥ 150 mg/dL, systolic blood pressure ≥ 140 mmHg, or diastolic blood pressure ≥ 90 mmHg.

The primary assessment timepoint was considered for the efficacy endpoints, and the percentage and amount of change in subcutaneous fat area were assessed at the last assessment using the last observation carried forward method. The primary assessment timepoint for the improvement rate in high-risk participants was week 24 of treatment. Participants who completed these assessments comprised the full analysis set (FAS), and those who completed assessments of adverse reactions, laboratory tests, and blood pressure comprised the safety analysis set.

Statistical Analysis {#Sec6}
--------------------

For the analysis of participant baseline characteristics, frequency analyses were performed according to groups and categories. For continuous data, fundamental statistics were calculated. To investigate intergroup equivalency of participants' characteristics, either a contingency table chi-square test or a two-sample *t* test was used according to the nature of the data. The level of significance was 15% (two-sided). Analyses of covariance were performed using biased participants' characteristics as covariates and the primary endpoints as dependent variables.

A one-sample *t* test for intragroup comparisons and a two-sample *t* test for intergroup comparisons were used for the percentage and amount of change in visceral fat area, waist circumference, body weight, BMI, and subcutaneous fat area. The rates of achievement of waist circumference and body weight reduction were calculated according to the group and the degree of reduction (≤ − 5%, \> − 5% to ≤ − 3%, \> − 3% to ≤ 0%, and \> 0%). For intergroup comparisons, a contingency table chi-square test was used, and for intergroup and intragroup comparisons, two-sided 95% confidence intervals (CIs) were calculated. The improvement rate in high-risk participants was determined using the chi-square test, and for differences in laboratory values and blood pressure from baseline to each assessment time, a one-sample Wilcoxon test was used. Since analyses other than the primary endpoint are considered, to aim for supporting the results or considering the cause, multiplicity was not considered. The level of significance was 5% (two-sided). SAS 9.2 and SAS 9.3 were used for all analyses (SAS Institute Inc., Cary, NC, USA).

Results {#Sec7}
=======

Background of the Participants {#Sec8}
------------------------------

Two hundred eligible participants were randomly enrolled into two groups (100 in the orlistat group and 100 in the placebo group) (Fig. [1](#Fig1){ref-type="fig"}). Ten of these participants withdrew from treatment (six, orlistat; four, placebo). Of the remaining 190 participants who completed treatment, 32 (12, orlistat; 20, placebo) withdrew from the study because they did not fulfill the criteria for entering the post-observation term. The remaining 158 participants (82, orlistat; 76, placebo) entered the post-observation term. Two of the 158 participants (one from each group) withdrew from the study during the post-observation term. None of the 200 participants were excluded from efficacy or safety evaluation, and both the FAS and the safety analysis set consisted of all 200 participants.Fig. 1Disposition of participants. FAS full analysis set. \*Participants were withdrawn from the study because a sufficient number of participants had already been recruited

Baseline demographics of the participants are summarized in Table [1](#Tab1){ref-type="table"}. The mean ± SD age was 45.1 ± 7.4 years for the orlistat group and 46.8 ± 7.4 years for the placebo group. The number of females was 18 (18.0%) in the orlistat group and 21 (21.0%) in the placebo group. Visceral fat area (mean ± SD) was 121.54 ± 33.90 cm^2^ in the orlistat group and 133.03 ± 42.19 cm^2^ in the placebo group. The percentage of those who had less than 100 cm^2^ of visceral fat was 25.0% in the orlistat group and 21.0% in the placebo group. There were intergroup biases for age, BMI, target for calorie intake reduction, and visceral fat area.Table 1Participant characteristics at baselineParticipant characteristicsStatisticOrlistat group\
*n* = 100Placebo group\
*n* = 100TestAge (years)Mean (SD)45.1 (7.4)46.8 (7.4)*χ*^2^ = 5.521\
*p* = 0.13720--292 (2.0)1 (1.0)30--3921 (21.0)14 (14.0)40--4950 (50.0)43 (43.0)50--5927 (27.0)42 (42.0)Min--Max27--5926--59Gender Male*n* (%)82 (82.0)79 (79.0)*χ*^2^ = 0.287\
*p* = 0.592 Female*n* (%)18 (18.0)21 (21.0)Visceral fat area (cm^2^)Mean (SD)121.54 (33.90)133.03 (42.19)*T* = − 2.115\
*p* = 0.036Min--Max49.3--245.262.2--260.5Waist circumference (cm)Mean (SD)97.64 (7.06)97.40 (6.45)*T* = 0.251\
*p* = 0.802Min--Max85.5--114.985.1--120.0Body weight (kg)Mean (SD)80.38 (10.04)78.59 (8.68)*T* = 1.347\
*p* = 0.180Min--Max60.6--105.460.7--106.0Height (cm)Mean (SD)170.98 (7.12)170.06 (7.49)Min--Max150.5--187.4150.1--189.0BMI (kg/m^2^)Mean (SD)27.47 (2.75)27.11 (2.50)*χ*^2^ = 6.690\
*p* = 0.08222.1--24.922 (22.0)19 (19.0)25.0--29.954 (54.0)66 (66.0)30.0--34.924 (24.0)13 (13.0)Unknown0 (0.0)2 (2.0)Min--Max23.0--33.622.6--33.9Target for calorie intake reduction (kcal/day)2001 (1.0)5 (5.0)*χ*^2^ = 6.249\
*p* = 0.04430075 (75.0)82 (82.0)40024 (24.0)13 (13.0)*BMI* body mass index, *SD* standard deviation

Efficacy {#Sec9}
--------

### Efficacy Endpoints {#Sec10}

The percentage change in visceral fat area from baseline to the last assessment \[mean ± standard error (SE)\] was − 13.50 ± 1.52% in the orlistat group and − 5.45 ± 1.50% in the placebo group; at the last assessment, there was a significantly larger change in the orlistat group compared to the placebo group (*p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). Furthermore, the reduction rate in visceral fat area was significantly larger at each assessment time in the orlistat group compared to the placebo group. The percentage change in waist circumference from baseline to the last assessment was − 2.51 ± 0.25% in the orlistat group and − 1.55 ± 0.26% in the placebo group. There was a significantly larger change in reduction of waist circumference in the orlistat group compared to the placebo group at the last assessment (*p* = 0.010) (Fig. [3](#Fig3){ref-type="fig"}). Furthermore, the percentage change in reduction of waist circumference was significantly larger at each assessment time in the orlistat group compared to the placebo group except at week 12. When biased participants' characteristics were used for adjustment as different covariates or as a single covariant, intergroup differences were as significant as the results of analyses before adjustment. No biased participants' characteristics affected the primary endpoints.Fig. 2Percentage change in visceral fat area compared to baseline. Mean ± SE. *n* (Last assessment): orlistat, 94; placebo, 97. \*Two-sample *t* test, *p* \< 0.05 compared to the placebo group; ^\#,†^One-sample *t* test, *p* \< 0.05 compared to baseline. Percentage change in visceral fat area was significantly greater in the orlistat group compared to the placebo group at each assessment. SE standard error Fig. 3Percentage change in waist circumference compared to baseline. Mean ± SE. *n* (Last assessment): orlistat, 99; placebo, 98. \*Two-sample *t* test, *p* \< 0.05 compared to the placebo group; ^\#,†^One-sample *t* test, *p* \< 0.05 compared to baseline. Percentage change in waist circumference was significantly greater in the orlistat group compared to the placebo group at each assessment except week 12. SE standard error

The percentage change in body weight from baseline to the last assessment (mean ± SE) was − 2.79 ± 0.30% in the orlistat group and − 1.22 ± 0.28% in the placebo group. The reduction rate in body weight was significantly larger in the orlistat group compared to the placebo group at the last assessment (*p* \< 0.001) (Fig. [4](#Fig4){ref-type="fig"}). Furthermore, the reduction rate in body weight was significantly larger in the orlistat group compared to the placebo group at each assessment.Fig. 4Percentage change in body weight compared to baseline. Mean ± SE. *n* (Last assessment): orlistat, 99; placebo, 98. \*Two-sample *t* test, *p* \< 0.05 compared to the placebo group; ^\#,†^One-sample *t* test, *p* \< 0.05 compared to baseline. Percentage change in body weight was significantly greater in the orlistat group compared to the placebo group at each assessment. SE standard error

While the percentage changes for visceral fat area, waist circumference, and body weight were comparable in both groups during the observation term, some degree of change in these endpoints was seen in the placebo group and a much greater change was observed in the orlistat group during the treatment term. Although waist circumference and body weight increased during the post-observation term compared to the end of treatment, there was a significantly larger change at post-observation weeks 4, 8, and 12 compared to baseline in both groups (Supplemental Fig. S1).

Secondary endpoints showed similar results, with significantly larger changes in the orlistat group compared to the placebo group (Table [2](#Tab2){ref-type="table"}). The amount of change in visceral fat area from baseline to the last assessment (mean ± SE) was − 15.69 ± 1.85 cm^2^ in the orlistat group and − 8.28 ± 2.01 cm^2^ in the placebo group (*p* = 0.007, two-sample *t* test, compared to placebo). Change in waist circumference was − 2.41 ± 0.24 cm in the orlistat group and − 1.53 ± 0.26 cm in the placebo group (*p* = 0.016), and change in body weight was − 2.21 ± 0.23 kg in the orlistat group and − 0.98 ± 0.23 kg in the placebo group (*p* \< 0.001). The percentage change in BMI was − 2.80 ± 0.30% in the orlistat group and − 1.22 ± 0.28% in the placebo group (*p* \< 0.001), and the amount of change in BMI was − 0.76 ± 0.08 kg/m^2^ in the orlistat group and − 0.34 ± 0.08 kg/m^2^ in the placebo group (*p* \< 0.001).Table 2Changes in parameters from baseline to the last assessmentParameterOrlistat group\
Mean ± SEPlacebo group\
Mean ± SEParameterOrlistat group\
Mean ± SEPlacebo group\
Mean ± SEChange in visceral fat area (cm^2^)− 15.69 ± 1.85^a^\
(*n *= 94)− 8.28 ± 2.01^a^\
(*n *= 97)Change in waist circumference (cm)− 2.41 ± 0.24^a^\
(*n *= 99)− 1.53 ± 0.26^a^\
(*n *= 98)Change in body weight (kg)− 2.21 ± 0.23^a^\
(*n *= 99)− 0.98 ± 0.23^a^\
(*n *= 98)Percentage change in BMI (%)− 2.80 ± 0.30^a^\
(*n *= 99)− 1.22 ± 0.28^a^\
(*n *= 98)Change in BMI (kg/m^2^)− 0.76 ± 0.08^a^\
(*n *= 99)− 0.34 ± 0.08^a^\
(*n *= 98)Percentage change in subcutaneous fat area (%)− 7.53 ± 1.01^a^\
(*n *= 94)− 3.79 ± 0.88^a^\
(*n *= 97)Change in subcutaneous fat area (cm^2^)− 17.75 ± 2.40^a^\
(*n *= 94)− 9.73 ± 2.36^a^\
(*n *= 97)The amount of change in visceral fat area, waist circumference, and body weight as well as the percentage change and amount of change in BMI and subcutaneous fat area were significantly reduced at the last assessment compared to baseline in the orlistat group versus placebo group*BMI* body mass index, *SE* standard error^a^One-sample *t* test, *p* \< 0.05 compared to baseline

The rate of achievement of 3% reduction in waist circumference from baseline to the last assessment was significantly greater in the orlistat group than in the placebo group \[38.0% (95% CI 28.5--47.5%) versus 19.0% (95% CI 11.3--26.7%); *p* = 0.003\]. The achievement rate of 5% waist circumference reduction at the last assessment did not significantly differ between the orlistat group and the placebo group \[13.0% (95% CI 6.4--19.6%) versus 10.0% (95% CI 4.1--15.9%); *p* = 0.506\].

The achievement rate of 3% reduction in body weight from baseline to the last assessment was significantly greater in the orlistat group than in the placebo group \[40.0% (95% CI 30.4--49.6%) versus 19.0% (95% CI 11.3--26.7%); *p* = 0.001\]. The 5% body weight reduction achievement rate at the last assessment was significantly greater in the orlistat group than in the placebo group \[18.0% (95% CI 10.5--25.5%) versus 8.0% (95% CI 2.7--13.3%); *p* = 0.036\].

### Clinical Laboratory Tests {#Sec11}

Changes in parameters associated with metabolic diseases, such as total cholesterol, LDL-cholesterol, HDL-cholesterol, and triglycerides, during the treatment term are shown in Fig. [5](#Fig5){ref-type="fig"}. The changes in these parameters from baseline to the last assessment (mean ± SD) in the orlistat and placebo groups, respectively, were as follows: total cholesterol, − 4.5 ± 21.7 mg/dL (*p* = 0.007) and 5.1 ± 18.9 mg/dL (*p* = 0.003); LDL-cholesterol, − 6.0 ± 18.6 mg/dL (*p* \< 0.001) and 2.0 ± 19.6 mg/dL (*p* = 0.095); HDL-cholesterol, 3.4 ± 6.2 mg/dL (*p* \< 0.001) and 4.9 ± 6.4 mg/dL (*p* \< 0.001); and triglycerides, − 4.6 ± 37.6 mg/dL (*p* = 0.144) and − 2.5 ± 58.4 mg/dL (*p* = 0.104). Other parameters associated with metabolic diseases, such as blood glucose, HbA1c, systolic blood pressure, and diastolic blood pressure, changed within their normal ranges throughout the study period and did not show any notable changes (Supplemental Fig. S2).Fig. 5Changes in lipid parameters. Mean ± SD. *n* (Last assessment): **a**--**d** orlistat, 100; placebo, 100. \*,^†^One-sample Wilcoxon test, *p* \< 0.05 compared to baseline. In the orlistat group, total cholesterol and LDL-cholesterol were reduced during the treatment term and were significantly reduced at each assessment compared to baseline. Other parameters stably changed within their normal ranges during the treatment term. HDL high-density lipoprotein, LDL low-density lipoprotein, SD standard deviation

### Other Efficacy Analyses {#Sec12}

The improvement rate in high-risk participants at week 24 of treatment was significantly greater in the orlistat group than in the placebo group (32.8% versus 16.2%; *p* = 0.026; Table [3](#Tab3){ref-type="table"}).Table 3Improvement rate in high-risk participantsGroupHigh-risk → non-high-riskUnchanged\
(high-risk)Non-assessableTotalImprovement rate\
non-high-riskChi-square testOrlistat group21 (32.8)40 (62.5)3 (4.7)6421/64 (32.8) \[21.3--44.3\]*χ*^2^ = 4.968 *p* = 0.026\
(16.6) \[2.2--31.1\]Placebo group11 (16.2)56 (82.4)1 (1.5)6811/68 (16.2) \[7.4--24.9\]Improvement rate values are presented as *n*/Total (%) (95% confidence interval)High risk: BMI ≥ 25 kg/m^2^ + one or more metabolic disease risk factors^a^ or BMI ≥ 25 kg/m^2^ + visceral fat area ≥ 100 cm^2^The improvement rate in high-risk participants at week 24 of treatment was significantly greater in the orlistat group than in the placebo group*BMI* body mass index, *HbA1c*, glycated hemoglobin, *HDL* high-density lipoprotein, *LDL* low-density lipoprotein^a^Metabolic disease risk factors---blood glucose: fasting blood glucose ≥ 126 mg/dL or HbA1c ≥ 6.5%. Lipid: LDL-cholesterol ≥ 140 mg/dL or HDL-cholesterol \< 40 mg/dL or triglycerides ≥ 150 mg/dL. Blood pressure: systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg

Safety and Tolerability {#Sec13}
-----------------------

Of the 100 participants in the orlistat group, 82 episodes of adverse reactions were observed in 45 participants (45.0%) and 14 episodes were observed in 11 (11.0%) of the 100 participants in the placebo group. In the orlistat group, adverse reactions included defecation-related symptoms that likely resulted from the pharmacological effects of orlistat, including oily spotting and flatus with discharge \[77 episodes in 41 participants (41.0%)\]; liver function test abnormal \[two episodes in two participants (2.0%)\]; malaise \[one episode in one participant (1.0%)\]; ureterolithiasis \[one episode in one participant (1.0%)\]; and pityriasis rosea \[one episode in one participant (1.0%)\]. Participants in the placebo group reported defecation-related symptoms including oily spotting and flatus with stool \[13 episodes in 10 participants (10.0%)\] and skin odour abnormal \[one episode in one participant (1.0%)\]. In the orlistat group, 78 episodes of adverse reactions in 44 participants (44.0%) were of mild severity, and four episodes in three participants (3.0%) were moderate; no severe adverse reactions were observed. In the placebo group, 14 mild episodes of adverse reactions were observed in 11 participants (11.0%), with no instances of moderate or severe adverse reactions.

The predominant adverse reactions were defecation-related symptoms caused by fecal oil excretion, which likely resulted from the pharmacological effects of orlistat. Most episodes were mild with transient and subjective symptoms, and no serious or severe episodes were observed. No episodes required medical treatment, and no participants were advised by the physician to withdraw from treatment.

No adverse reactions related to fat-soluble vitamin deficiencies were observed, and no participants required treatment or vitamin supplementation. Levels of vitamin A, D, and E remained steady during the treatment term and did not show notable changes (Supplemental Fig. S2).

Discussion {#Sec14}
==========

This study was conducted to evaluate the efficacy and safety of orlistat (60 mg administered three times daily for 24 weeks) in Japanese participants without metabolic diseases despite excessive visceral fat accumulation. This is the first report to investigate the effect of orlistat in reducing visceral fat in a Japanese population. Moreover, in addition to the reduction in visceral fat area, waist circumference, body weight, BMI, and subcutaneous fat area were reduced significantly compared to the placebo group. The majority of adverse reactions were mild defecation-related symptoms caused by fecal oil excretion due to the pharmacological effects of lipase inhibitors.

In the USA and Europe, a 120-mg formulation of orlistat is available as a prescription drug (Xenical^®^, F. Hoffman-LaRoche, Ltd., Basel, Switzerland), and a 60-mg formulation as a non-prescription drug (Alli^®^, GlaxoSmithKline, Brentford, UK). Many studies have been conducted to evaluate the efficacy and safety of orlistat in patients with severe obesity in these countries, and significant body weight changes were observed as well in a previous study (orlistat was administered three times daily for 104 weeks at a dose of 60 mg to severely obese patients with BMI between 30 and 44 kg/m^2^) \[[@CR17]\].

Other anti-obesity drugs, such as lorcaserin and the combination of bupropion and naltrexone, have recently been approved in some countries. Significant body weight reductions have been demonstrated in clinical studies for lorcaserin (in obese patients with BMI 30--45 kg/m^2^ or those with BMI ≥ 27 kg/m^2^ with hypertension and/or dyslipidemia) \[[@CR18]\] and the combination of bupropion and naltrexone (in obese patients with BMI ≥ 30 kg/m^2^ or those with BMI ≥ 27 kg/m^2^ with hypertension and/or dyslipidemia) \[[@CR19]\]. Furthermore, the frequency of headache, nausea, and dizziness was significantly higher in the lorcaserin group compared with the placebo group, while the combination of bupropion and naltrexone caused nausea, headache, constipation, dizziness, and dry mouth \[[@CR20]\]. In addition, many episodes of neuropsychiatric disorders have been reported with these two drugs, whereas the predominant adverse reaction of orlistat is defecation-related symptoms \[[@CR20]\].

During the observation term of this study, reductions in visceral fat area, waist circumference, and body weight were comparable between the orlistat group and the placebo group. This may be attributed to dietary improvements and the effects of interventions during the observation term. During the treatment term, visceral fat area, waist circumference, and body weight were significantly and consistently reduced in the orlistat group, and these parameters were minimally reduced in the placebo group. Similar findings were observed in BMI and subcutaneous fat area, with reduction rates of these parameters being significantly larger in the orlistat group than in the placebo group. Taken together, these results suggest that the efficacy of orlistat is greater than the therapeutic effects of dietary improvements alone, and can successfully complement adjustments to diet and exercise. Orlistat may be a useful option to prevent metabolic diseases caused by obesity and could potentially play an important role in early obesity treatment. However, the changes observed in waist circumference and body weight during the post-observation term of this study suggest that lifestyle improvement remains crucial after the completion of treatment with orlistat.

Orlistat is believed to suppress triglyceride absorption and thereby reduce visceral fat and body weight. Reduction in waist circumference can be attributed to subsequent abdominal fat reduction. Because orlistat reduces food-derived fat absorption by 25--30% \[[@CR15]\], orlistat is considered to reduce serum lipid levels in the blood. In this study, total cholesterol and LDL-cholesterol were significantly reduced in the orlistat group during the treatment term compared to baseline. Although HDL-cholesterol was significantly increased at the last assessment, no notable improvements were observed. Triglyceride levels fluctuated within the normal range without notable changes. In a meta-analysis by Hu et al., participants receiving a low-carbohydrate diet showed a greater increase in HDL-cholesterol and reduction in triglycerides compared to those receiving a low-fat diet, but experienced less reduction in LDL-cholesterol compared with those receiving a low-fat diet \[[@CR21]\]. Orlistat, then, likely did not affect HDL-cholesterol or triglycerides, which are more likely to be affected by carbohydrate intake rather than fat intake, as orlistat's mechanism of action inhibits the absorption of food-derived fat.

Blood glucose, HbA1c, systolic blood pressure, and diastolic blood pressure also varied within their normal ranges. The direct effects of orlistat on blood glucose level and blood pressure remain unclear; this study involved participants with normal blood glucose levels and blood pressure. However, it may be reasonable to expect that orlistat can prevent aggravation of blood glucose levels and blood pressure imbalances in the long term.

Although no participants in this study had metabolic diseases, in addition to reductions in visceral fat area and waist circumference, the improvement rate in high-risk participants was significantly greater in the orlistat group compared to the placebo group, suggesting that reducing visceral fat helps mitigate the risk of metabolic diseases caused by obesity.

As mentioned above, this study is the first to report reductions in visceral fat and improvements in other parameters in response to orlistat administered for 24 weeks at a dose of 60 mg in Japanese subjects. Most adverse reactions were mild, and defecation-related symptoms caused by fecal oil excretion, enhanced by the pharmacological effects of orlistat, accounted for the majority of adverse reactions. Because these symptoms were subjective and were cured or relieved during or after treatment with the study drug, these adverse reactions were considered to be reversible and tolerable.

Waist circumference was used to select participants, and as a result, those with a visceral fat area of less than 100 cm^2^ were included in this study (as in other studies) \[[@CR6]\]. Notably, not only was visceral fat reduced in these participants but waist circumference, which serves as an alternative index for visceral fat area, was also reduced.

The results of this study suggest that orlistat 60 mg is effective for improving obesity as a complement to diet and exercise, thereby mitigating the health risks associated with metabolic diseases caused by obesity. We expect that orlistat will become a useful drug to reduce visceral fat accumulation.

The study has a few limitations. The treatment term of this study was relatively short, and the sample size might have been too small to evaluate the development of metabolic diseases in obese patients. Additionally, the study included only Japanese patients and inter-racial differences were not considered.

Conclusion {#Sec15}
==========

In this study, orlistat 60 mg was administered three times daily for 24 weeks to participants in Japan at risk for metabolic diseases due to excessive visceral fat accumulation. Significant reductions in visceral fat area and waist circumference were observed with a tolerable safety profile, suggesting that the use of orlistat can reduce visceral fat accumulation and mitigate the risk of developing metabolic diseases caused by obesity.
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